Introduction
Showing a direct relation between damp housing and ill health is by no means straightforward. Firstly, those living in the worst housing conditions are likely to be experiencing other forms of adversity, such as low income and unemployment. Secondly, personal behaviour may also play a part in the causation of ill health. An equally important methodological concern is the process of the data collection itself. If information about health and housing conditions is elicited in the same interview respondents may exaggerate the prevalence of problems, leading to a spurious association between the two phenomena. Moreover, the researchers themselves may influence reporting.
In 1986 we carried out a preliminary study in Edinburgh, which attempted to overcome these methodological difficulties by using a double blind research design.' Children living in damp houses, particularly where there was also mould growth, were reported to have higher rates of respiratory and gastrointestinal symptoms, aches and pains, and fever than children in dry dwellings. These differences could not be attributed to smoking or differences between damp and dry households regarding unemployment, income, overcrowding, or duration of tenancy. The numbers of households that included a child was not large enough (n= 101), however, to permit a full analysis of the role of other possible confounding variables. Accordingly, we carried out a larger scale, more detailed investigation.
Subjects and methods
The study was conducted in three major cities: Edinburgh, Glasgow, and London. Within each city discrete geographical areas of public housing were BMJ VOLUME 298 24 JUNE 1989 identified in which (a) families with young children predominated; (b) the prevalence of damp housing was thought to be in the range of 25-50% of total dwellings; (c) Only those households with at least one child aged under 16 were eligible for inclusion in the study. As official statistics on the exact location of families with young children were not available the sample was identified in two ways: (a) at the time of the main health interview (see below) the interviewers identified suitable families by contacting each dwelling on the list; and (b) in two of the sites members of the tenants' association identified addresses on the list containing families who met the study criteria.
Two surveyors carried out an assessment of dampness (severity and type) and mould (severity and location) and details of the structure of the dwelling. Using an air sampler (Surface Air Systems) they extracted air samples from rooms and, where visible mould growth was present, a sample from each affected room was collected. A microbiologist estimated spore counts from the air samples and identified the fungi from air and walls when possible.
We devised and pretested two survey forms. The form for the house conditions survey contained items on type of building, location, number of rooms, dampness, mould, ventilation, insulation, and renovations. The health survey was a revised version of that used by Martin et al.' In the course of a structured interview the respondent (whenever possible the female householder) answered detailed questions about her own and her children's health during the past two weeks; smoking by all adults and children; type of heating, washing, and drying facilities; presence of pets; economic activity and occupation of all adults in the household; household income; and housing conditions and facilities.
The study was carried out during February-April 1988. Once the health interview had been completed the surveyors were instructed to visit the dwelling. The petri dishes containing air and wall mould samples were taken each day to the University of Strathclyde, where they were refrigerated and cultured. Air spore counts were calculated and fungi identified when possible. The surveyors and the microbiologist were blind to each other's findings and also to the findings of the health survey team.
We used four categorical independent variables relating to housing conditions. Households that received a house conditions survey were classified into three groups: those where there was no objective evidence of dampness or mould growth (dry), those with only damp, and those with mould (whether or not dampness was also present). The overall dampness in the household was calculated by averaging the score for each bedroom, sitting room, and kitchen on a four point scale of severity (0=none; 3=severe). Households in which the average dampness score exceeded zero (no dampness whatsoever) were divided into three approximately equal sized groups labelled mild (score ranging between 0-01 and 0 52), moderate (0 53 to adopted to divide households into four groups differing in average severity of mould (none, mild (0 01 to 0-45), moderate (0 46 to 0 77), and severe (¢0 78)).
The spore concentration per m' air was measured in the kitchen, living room, and bedrooms of households in Edinburgh and Glasgow visited by the surveyors. On the basis of preliminary work in Edinburgh (B Flanagan and C A Hunter, unpublished data) and elsewhere2-4 we devised a five point scale (coded 1 to 5): low ( 100 viable spores/m3 air), medium (101-300), high (301-1000), very high (1001-5000), and extremely high (>5000). The household spore concentration was the mean score on the scale per available room. A new variable was created by dividing this mean score into three groups: low (scoring 1), medium (1 01 to 2 00), and high (>2).
To ensure that the relation between housing conditions and ill health was not invalidated by covariation with other variables several possible confounding factors were also examined, particularly cigarette smoking in the household (no/yes), respondents' cigarette smoking (no/yes), net household income ( founding variables, and the relation with the general health questionnaire score remained non-significant. We examined the dose-response relation between the respondents' symptoms and increasing severity of dampness, mould growth, and air spore concentration. during the past two weeks to deal with symptoms and presence of recurrent and long-standing illness. No significant differences were found. Table III shows the prevalence of symptoms among children in the household by housing conditions. Significant differences were found regarding wheezing, sore throat, persistent headache, fever and high temperature, persistent cough, and runny nose. The highest proportion reporting these symptoms was always found in mouldy households; with only one exception (sore throat) the lowest proportion with symptoms was found in the dry households. Not (table   III) .
HOUSING CONDITIONS AND CHILDREN S HEALTH
In our preliminary univariate analyses we had noted that three of the possible confounding variables (overcrowding, any cigarette smoker, nobody employed) were significantly associated with presence or absence of individual symptoms. Another set of logistic regression analyses was therefore undertaken in which the dependent variables were the six symptoms previously shown to be significantly associated with housing conditions. After controlling for these three confounding variables differences remained significant for wheezing, sore throat, persistent headache, fever and high temperature, runny nose, and for any symptoYn. Only the main effect of housing conditions on cough was no longer significant. BMJ VOLUME 298 Overall, the mean number of symptoms tended to increase with greater severity of dampness, mould growth, and air spore concentration, whereas the mean number of symptoms per child and the mean child health evaluation score were related only to greater doses of dampness and mould growth. The mean number of symptoms per child and the mean child health evaluation score were unrelated to the extent of air spore concentration.
The three groups of housing conditions were compared regarding the action taken to deal with children's symptoms during the past two weeks and presence of recurrent and longstanding illness. Children in mouldy households were more likely to have been given medicines (51-8%) than children in damp (43-2%) or problem free households (36-4%) (X2= 1082, df=2, p<0 005). Other differences did not reach significance.
Discussion
Before offering an account of the role of damp and mould in the aetiology of symptoms it is necessary to consider four types of bias that may invalidate the assumption of a causal link between housing conditions and ill health-namely, investigator bias, respondent bias, selection bias, and omitted variable bias.
Investigator bias may be dismissed as housing conditions and the health of household members were independently assessed by two different groups of researchers, neither of which included the principal investigators. In addition, questionnaires were coded and data prepared by workers who were not familiar with the objectives of the study.
Some previous investigations of Ye housing-health relation, particularly those carried out by tenants' groups, have been criticised on the grounds that people living in damp and mouldy houses will be inclined to exaggerate the extent of their own and their children's health problems. A recent study suggested that the observed association between mould and respiratory symptoms may be accounted for by parental awareness of mould in the home.' Our reliance on informants' reports about the health of themselves and their children was deliberate. We were unconvinced about the reliability and appropriateness of diagnostic data derived from official records, especially those of general practitioners. We thought that it was valid to assess health state by means of self reported symptoms while at the same time recognising that the likelihood of respondent bias was thereby increased. This problem was minimised, however, by the use of independent, expert assessments of housing conditions. Although subjective ( Unfortunately, we were unable to assess the temperature of dwellings. We did, however, gather information on perceived coldness of the dwelling and this variable was included in the covariance analysis.
In summary, adult respondents living in damp and mouldy dwellings were more likely to report nausea, vomiting, constipation, blocked nose, breathlessness, backache, aching joints, fainting, and bad nerves than respondents living in dry dwellings. These differences remained after controlling for the respondent's economic position and cigarette smoking. In a more extensive covariance analysis respondents living in mouldy dwellings were found to have the highest number of symptoms even after taking account of possible confounding factors such as length of time at address, other housing problems, household income, economic position, and cigarette smoking. This analysis, however, showed that the respondent's subjective evaluation of health and psychological distress BMJ VOLUME 298 24 JUNE 1989 were both unrelated to housing conditions. Increasing doses of dampness and mould were especially linked to nausea, blocked nose, breathlessness, high blood pressure, and bad nerves and to a greater number of symptoms and a poorer health evaluation score.
For children, living in damp and mouldy dwellings was associated with a greater prevalence of wheeze, sore throat, runny nose, cough, headaches, and fever compared with those living in dry dwellings. With the exception of cough these differences were unaffected by the introduction of controls for smoking in the household, employment, and overcrowding. Additional possible confounding variables were added in an analysis of covariance, which still showed a significant effect of housing conditions on the mean number of symptoms among children in the household. A doseresponse relation was particularly noted with respect to wheeze, sore throat, runny nose, irritability, persistent headache, and fever and high temperature. Increasing severity of dampness and mould and any symptom, the mean number of symptoms (overall and per child), and the mean child health evaluation score were also associated.
Several studies have suggested that some varieties of fungal spores are allergenic and give rise to respiratory conditions. Burr et al identified Penicillium notatum, Cladosporium herbarum, and Aspergillus species in the homes of asthmatic patients and found that the moulds gave positive skin test reactions for allergy.9 Fungal spores are also believed to affect the respiratory tract by producing tissue lesions, by forming saprophytic colonies on mucus plugs, and by causing inflammation and irritation of nasal and bronchial passages and the alveoli.3 10 " An investigation by May et al found symptoms of fever, muscular pain, chest tightness, cough, and headache to be directly caused by organic toxic dust and suggested that this "pulmonary mycotoxicosis" may represent a systemic reaction to inhaled fungal toxins.'2 Although their study was concerned with acute episodes after exposure to massive doses of organic dust, possibly similar, though less severe, symptoms occur as a chronic response to prolonged exposure to low c6ncentrations of fungal toxins.
Analysis of the moulds collected from the dwellings in our study is still proceeding and a supplementary report on the relation of specific moulds to symptoms will be prepared. Single dwellings in the study were found to be harbouring over 15 species of mould and probably some of these would give rise to allergenic or toxic reactions, or both.
Emotional symptoms in children such as irritability and unhappiness are probably linked to physical symptoms and indicate that the mental health of children is also at risk. Some of the adults' symptoms are difficult to explain by reference to mould, though aching joints and nausea could both be reactions to fungal toxins. Reports We have attempted at all stages of this study, which is probably the largest of its kind ever undertaken, to refute the null hypothesis-namely, that there is no relation between housing conditions and health state. To that end, we adopted double-blind interviewing procedures, included a wide array of possible confounding factors, and used multivariate statistical techniques. Having eliminated (as far as possible) alternative explanations for our findings, we concluded that damp and mouldy dwellings have direct deleterious effects on the physical and psychological wellbeing of adults and children. Our confidence in this conclusion is enhanced in more positive fashion by two observations: firstly, the similarity of these findings with those reported in our earlier study,' especially concerning children's respiratory symptoms; and, secondly, the strong relation between increasing doses of adverse housing conditions (dampness, mould growth, and air spore concentration) and symptoms of ill health, which is unlikely to be the result of respondent bias.
A considerable' body of evidence now exists that supports the contention that dampness and mould is an important public health issue, not solely for its immediate impact but also for the longterm implications. Poor housing conditions in childhood, for example, are associated with higher rates of admission to hospital and higher morbidity and mortality in adult life.'4" Hopefully, planners, policy makers, and medical practitioners will now plan concerted joint action to eradicate this unacceptable and needless health risk.
